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↑ What is "already known" in this topic: {#box1}
========================================

In Nepalese population, several studies have been performed to address the association between nutritional status and demographic and socioeconomic factors of children. However, a comprehensive study that adjusts this relationship for a large number of possible risk factors has not been performed yet.

→ What this article adds: {#box2}
=========================

The current study addresses this issue and provides a full and detailed snapshot of socioeconomic variables that affect child nutrition in Nepal. The main message of this manuscript is that the overall priority for nutritional health policy in Nepal should be reduction of undernutrition especially in the mountain zones.

Introduction {#s1}
============

In developing countries, the primary causes of undernutrition are infectious diseases and dietary inadequacy, both in terms of quality and quantity ([@R1]). Secondary causes include household food insecurity, unhealthy household environment, inadequate care, lack of health services and income poverty. The latter is acknowledged as the main driver of undernutrition.

The global burden of stunting is greater than underweight and wasting ([@R2]). According to the Global database of the World Health Organization on child growth and malnutrition, which is derived from the analysis of 388 national surveys from 139 countries ([@R3]), it was estimated that among children under five years old, 16.0% (104 million) were underweight, 26.7% (171 million, 167 million in developing country) were stunted ([@R4]) and 9.0% were wasted. The overall prevalence of underweight was higher in Africa and Asia (19.3% and 19.5%, respectively). Also, the highest prevalence of stunting was observed in Africa and Asia (38.2% and 27.5%, respectively), while the percentage of wasting was quite similar in Africa and Asia (10.0% and 10.8%, respectively) ([@R5]).

Anaemia is also a public health problem in many developing countries. Using the 1993-2005 WHO database on anaemia, it has been estimated that anaemia affects a quarter (1.62 billion) of people in the World ([@R6]). The prevalence of anaemia is 9% in developed counties and 43.0% in developing counties. Globally, it is estimated that 47.4% of children under five years old, are anaemic. The estimates show that Asia is affected by anaemia more than other continents, followed by Africa ([@R6]).

Nepal is one of the developing countries in which undernutrition is a serious public health problem in children less than five years old. Undernutrition is recognised as a leading factor that leads to increased morbidity and mortality in children. Anaemia is also a major health problem among young children in this country.

So far, there have been several comprehensive health studies and reports in Nepal, which emphasize the problems of undernutrition in Nepal. For example, the report in 1984, which focused on the key determinants of nutrition, showed a high prevalence of stunting (65%) in children living in the districts of Bara and Rautahat of the Terai zone ([@R7]). The results of another study, which followed up the growth of 5-12 months children in the Bhaktapur district, showed that the growth curves of a significant number of these children fell below the 3^rd^ percentile after one year of age ([@R8]). A high prevalence of undernutrition has also been reported in other age groups including 45% stunting and 52% underweight in 6-10 years old children ([@R9]), and 40% in the general population ([@R2]).

Anaemia is another public health problem with high prevalence ([@R10], [@R11]). According to the Nepal's Ministry of Health , 78% of children aged 6-59 months are anaemic. The most common causes of anaemia in Nepal are considered to be inadequate intake of iron from food and parasitic infections including malaria, which is endemic in some parts of the country ([@R12]).

The present study, attempted to determine the main socio-economic, demographic and geographic factors which were associated with undernutrition and anaemia in under five years old Nepalese children. Anaemia and undernutrition, especially in younger children, are important public health issues.

Methods {#s2}
=======

Nepal is located in South-East Asia in the lap of the Himalayas. Nepal is made up of Mountain, Hills and the Terai (plains) ecological zones and is divided into the five developmental regions of Far-western, Mid-western, Western, Central and Eastern. Total population of Nepal is 28 million ([@R13]) and is ethnically diverse with over 100 castes.

As reported in the 2011 census, 123 mother tongues are spoken in Nepal. Most people, 44.6% (11,826,953), speak Nepali as their mother tongue and 11.7% (3,092,530) speak Maithili . Nepal is socially stratified in a caste system. There is no clear distinction between caste and ethnicity in colloquial Nepali ([@R15]). Recently, caste and ethnicity have taken a crucial role in Nepalese society following the governmental changes that led to establishment of a federal republic.

The 2006 Nepal Demographic and Health Survey ([@R12]) obtained a cross sectional information from a random sample of households in which there were young children. The sampling frame for this DHS survey was based on enumeration areas used in the 2001 Nepal population census. The country is made up of 14 zones which are subdivided into a total of 75 districts. The districts are then subdivided into Village Development Committees (VDCs) and VDCs were subdivided into the wards. Ward and sub-ward were used as the primary sampling unit (PSU) in rural areas. A two-stage stratified, probability proportional to size (PPS) sampling resulted in the final sample size of 9,036 households. Using the PPS technique, a total of 260 PSU (178 in rural and 82 in urban areas) were selected in the first stage by systematic sampling. The households in the selected wards were enumerated in the second stage. Using systematic sampling, 36 households in rural areas and 30 households in urban areas were selected. Based on this sampling method, the design effect was considered in all analyses.

In total 3630 children were studied from across the country. The criteria for inclusion of the children in this study consisted of having a Nepalese-speaking mother and having an age younger than five years old. All the children for whom a complete profile of age, height, weight and socio-economic and demographic factors (parental education, parental occupation, households' demographic characteristics and households' standard of living) could not be obtained were excluded from this study. Height and weight were measured and in children the z-scores of height-for-age (HAZ), weight-for-age (WAZ) and weight-for-height (WHZ) were calculated using the WHO 2006 reference values. Children with WAZ, HAZ or WHZ values of \<−2 were classified as underweight, stunted or wasted, respectively. The analyses controlled the impact of children's age and sex on z-scores. Haemoglobin concentration was determined from a finger prick of blood and use of a portable hemocue. At the population level, haemoglobin concentration is the most reliable indicator for definition of anaemia . An altitude adjusted haemoglobin concentration was calculated using the following CDC formula ([@R17]-[@R20]):

~ad~Hb = −0.32 × (Alt × 0.0033) + 0.22 × (Alt × 0.0033)

Where ~ad~Hb is adjustment haemoglobin value in g/l and Alt is altitude in metres. The calculated ~ad~Hb was rounded up or down to the nearest 1 g/L value and it was subtracted from each individual's actual haemoglobin reading. The adjusted haemoglobin concentrations were used in all analyses.

The cut-off for anaemia is \<110 g/l for children.

The demographic and socio-economic indicators used in this study were (1) parental education with four categories of (i) no education, (ii) primary, (iii) secondary or (iv) higher education, (2) parental occupation with five categories of (i) professional, technician, managerial and clerical (PTMC), (ii) sales and services (S & S), (iii) agricultural, (iv) skilled and unskilled manual (S & U Manual), and (v) unemployed, and finally, (3) household's geographic characteristics with three categories of (i) place of residence (urban/rural), (ii) ecological zone (Terai, Hill and Mountain) and (iii) geographical region (Far-western, Mid-western, Western, Central and Eastern). Households were also compared by their size into two groups of 1-4 and 5 and more family members. Households were categorised into four religious groups of Hindu, Buddhist, Muslim and other religions (Christian and Kirat).

Ethnicity was categorised into seven groups (disadvantaged non-Dalit, Dalit, disadvantage Janajatis, upper caste, advantaged Janajatis, religious minority and other) according to the methodologies detailed in a MEASURE DHS program report ([@R21]), a World Bank report ([@R22]) and a UK Department for International Development report ([@R23]). The households' standard of living were categorized into having (1) safe drinking water, which is defined as the water with physical, chemical and microbial characteristics that meet national standards or WHO guidelines, and access to drinking water means that the source is less than 1 kilometre (30 minutes by foot) away from its place of use (2) toilet meeting MDG, (3) electricity with binary categories of 'yes' or 'no', (4) type of cooking fuel, and (5) main material used in floor, wall and roof construction with two categories of poor and not poor. Also, the households were classified according to ownership of assets based on having more than one asset (television, radio, telephone, bicycle and motorbike) or having no asset. Ownership of assets is a factor that is related to household's wealth and hence children's nutritional status. Ownership of radio and television were included as they provided capacity of receiving health messages. Possession of vehicle and its type is related to the possibilities of transportation in emergency medical conditions.

Binary logistic regression analyses with "Enter" variable selection method were used to examine the relationship between child nutritional indictors and the socio-economic and demographic variables. Multicollinearity between independent variables has been checked. In regression models, using VIF (variance inflation factor), tolerance (1/VIF), eigenvalues and condition index, the independent variables including all socio-economic and demographic variables, were tested for the presence of multicollinearity. The Hosmer-Lemeshow test was used to assess the goodness of fit.

In order to explore the interaction effects, the second order interactions between independent variables used in this report were analysed using binary logistic regressions. The statistical analysis was performed with the SPSS software package for Windows, version 17 released in 2008 (Chicago: SPSS Inc). The cut-off for a significant result was \<0.05.

Results {#s3}
=======

Children {#s3-0-1}
--------

The demographic characteristics of 3630 children entered into this study are presented in [Table 1](#T1){ref-type="table"}. Socio-economic variables were used in this study including: parental education, parental occupation, place of residence, ecological zones, region, number of household members, religion, drinking water meeting MDG, toilet meeting MDG, electricity, cooking fuel, assets, main floor materials, main walls materials and main roof materials. The variables, which showed significant association with nutritional status, are presented in the tables.

###### Demographic characteristics of children (children aged \<5 years, Nepal Demographic and Health Survey 2006).

  ----------------------------- ------------------------- ------------- ------------- ------
  Variables                                               Number        Percent (%)   
  Sex                           Male                      1913          52.7          
                                Female                    1717          47.3          
  Education status of mother    Higher                    98            2.7           
                                Secondary                 719           19.8          
                                Primary                   655           18.0          
                                No education              2158          59.4          
  Education status of father    Higher                    294           8.1           
                                Secondary                 1454          40.1          
                                Primary                   1046          28.8          
                                No education              836           23.0          
  Number of household members   1-4                       988           27.2          
                                ≥5                        2642          72.8          
  Mother\'s occupation          PTMC\*                    56            1.5           
                                S & S†                    166           4.6           
                                Agricultural              2712          74.7          
                                S & U Manual‡             91            2.5           
                                Unemployed                605           16.7          
  Father\'s occupation          PTMC\*                    584           16.1          
                                S & S†                    614           16.9          
                                Agricultural              1411          38.9          
                                S & U Manual‡             900           24.8          
                                Unemployed                121           3.3           
  Religion                      Hindu                     3156          86.9          
  Buddhist                      242                       6.7                         
                                Muslim                    138           3.8           
                                Other                     94            2.6           
  Ethnicity                     Dalit                     516           14.2          
                                Disadvantaged non-Dalit   275           7.6           
                                Disadvantaged Janajatis   593           16.3          
                                Religious Minority        138           3.8           
                                Advantaged Janajatis      133           3.7           
                                Upper caste               1334          36.7          
                                Other                     641           17.7          
  Place of residence            Urbanity                  Urban         842           23.2
                                                          Rural         2788          76.8
                                Ecological zone           Mountain      546           15.0
                                                          Hill          1428          39.3
                                                          Terai         1656          45.6
                                Region                    Eastern       801           22.1
                                                          Central       885           24.4
                                                          Western       643           17.7
                                                          Mid-western   637           17.5
                                                          Far-western   664           18.3
  ----------------------------- ------------------------- ------------- ------------- ------

\* Professional, technician, managerial and clerical

† Sales and services

‡ Skilled and unskilled manual

There was clear evidence of undernutrition with 1680 (46.3%) of children being stunted, 1384 (38.1%) were underweight, 513 (14.1%) were wasted and 1631 (44.9%) were anaemic.

Underweight {#s3-0-2}
-----------

All mother's education, ecological zone, region, religion, ethnicity, toilet, assets and main floor material were significantly associated with underweight ([Table 2](#T2){ref-type="table"}). Children with highly educated mothers were 2.38 times more unlikely of being underweight than children of mothers with no education. Muslim and Hindu children were 2.80 and 2.47 times, respectively, more unlikely of being underweight as compared with other religions including Buddhist and other minority religion groups. Children from the Dalit ethnic group were 1.34 times more unlikely of being underweight than the six ethnicities listed in [Table 2](#T2){ref-type="table"}, and children living in households with no assets were 1.28 more likely to be underweight as compared with others. When all the variables were entered into the model, 82.4% of normal children were correctly predicted as were 39.2% of underweight children. The overall p value was \<0.001. When the interaction effects between independent variables were examined, the overall effect was not significant. Table 3 presents the results of analysis of the independent variables, which did not show significant association with underweight.

###### Binary logistic regression analysis of underweight and wasting by demographic and socio-economic variables (children aged \<5 years, Nepal Demographic and Health Survey 2006)

  -------------------- --------------------- ------------------------- ------- --------- ------ -----------
  Nutritional status   Variables             Analysis †                                         

  Underweight          χ²                    p                         OR\*    95% CI           

                       Mother's education    Higher                    13.30   0.004     0.42   0.20-0.90

                                             Secondary                                   0.77   0.60-0.98

                                             Primary                                     0.73   0.60-0.90

                                             No education                                1      

                       Ecological zone       Mountain                  1.16    0.050     1.02   080-1.32

                                             Hill                                        0.93   0.77-1.12

                                             Terai                                       1      

                       Region                Eastern                   24.41   \<0.002   0.59   0.45-0.77

                                             Central                                     0.78   0.61-1.00

                                             Western                                     0.94   0.79-1.22

                                             Mid-western                                 1.00   0.79-1.22

                                             Far-western                                 1      

                       Religion              Hindu                     20.82   \<0.001   2.47   1.42-4.30

                                             Buddhist                                    1.39   0.74-2.61

                                             Muslim                                      2.80   1.45-5.41

                                             Other                                       1      

                       Ethnicity             Dalit                     29.44   \<0.001   1.34   1.02-1.75

                                             Disadvantaged non-Dalit                     1.27   0.93-1.73

                                             Disadvantaged Janajatis                     0.89   0.68-1.16

                                             Religious Minority                          1.31   0.88-1.95

                                             Advantaged\                                 0.88   069-1.14
                                             Janajatis                                          

                                             Upper caste                                 1.09   0.87-1.37

                                             Other                                       1      

                       Toilet meeting MDG    Yes                       5.86    0.005     0.78   0.65-0.96

                                             No                                          1      

                       Assets                No assets                 7.59    0.011     1.28   1.07-1.52

                                             1+                                          1      

                       Main floor material   Poor                      8.23    0.013     1.47   1.10-1.91

                                             Not poor                                    1      

  Wasting              Ecological zone       Mountain                  15.02   \<0.001   0.55   0.39-0.80

                                             Hill                                        0.64   0.50-0.83

                                             Terai                                       1      

                       Religion              Hindu                     18.08   \<0.001   1.83   0.77-4.33

                                             Buddhist                                    0.55   0.19-1.58

                                             Muslim                                      1.46   0.55-3.92

                                             Other                                       1      
  -------------------- --------------------- ------------------------- ------- --------- ------ -----------

\* Odds Ratio, † % Predicted (Normal %82.4), Underweight 39.2) , (Normal %100, wasted %0.4)

Wasting {#s3-0-3}
-------

Binary logistic regression analysis for wasting ([Table 2](#T2){ref-type="table"}) indicated that only ecological zone and religion showed a significant association with wasting. The model with all the variables predicted only 0.4% of wasted children but 100% of normal children. The overall p value was \<0.001. When the interaction effects between independent variables were examined, the overall effect was not significant. Table 4 presents the results of analysis of the independent variables, which did not show significant association with wasting.

###### Binary logistic regression analysis of underweight by demographic and socio-economic variables (children aged \<5 years, Nepal Demographic and Health Survey 2006)

  ----------------------------- -------------- ------------ -------- ------ -----------
  Variable                                     Analysis †                   
  χ²                            p              OR\*         95% CI          
  Father's education            Higher         1.58         0.662    0.90   0.60-1.35
                                Secondary                            0.88   0/71-1.08
                                Primary                              0.95   0.78-1.16
                                No education                         1      
  Father's occupation           PTMC           5.61         0.221    0.66   0.43-1.01
                                S & S                                0.68   0.44-1.04
                                Agricultural                         0.79   0.53-1.18
                                S & U Manual                         0.73   0.49-1.11
                                Unemployed                           1      
  Mother's occupation           PTMC           6.34         0.174    1.10   0.53-2.31
                                S & S                                0.61   0.38-0.98
                                Agricultural                         1.03   0.81-1.31
                                S & U Manual                         1.18   0.71-1.95
                                Unemployed                           1      
  Place of residence            Urban          4.39         0.062    0.80   0.66-0.99
                                Rural                                1      
  Number of household members   1-4            0.18         0.671    0.96   0.81-1.14
                                ≥5                                   1      
  Drinking water meeting MDG    Yes            0.35         0.561    1.05   0.89-1.23
                                No                                   1      
  Electricity                   Yes            2.52         0.113    0.86   0.72-1.04
                                No                                   1      
  Cooking fuel                  Not poor       0.001        0.982    1.01   0.60-1.46
                                Poor                                 1      
  Main walls material           Poor           3.15         0.341    0.63   0.47-0.84
                                Not poor                             1      
  Main roof material            Poor           2.13         0.143    1.15   0.96-1.37
                                Not poor                             1      
  ----------------------------- -------------- ------------ -------- ------ -----------

\*Odds Ratio, † % Predicted (Normal %82.4), Underweight 39.2)

###### Binary logistic regression analysis of wasting by socio-economic and demographic variables (children aged \<5 years, Nepal Demographic and Health Survey 2006)

  ----------------------------- ------------------------- ------------ -------- ------ -----------
  Variable                                                Analysis †                   
  χ²                            p                         OR\*         95% CI          
  Place of residence            Urban                     2.70         0.104    0.79   0.59-1.05
                                Rural                                           1      
  Region                        Eastern                   2.73         0.952    0.61   0.43-0.86
                                Central                                         0.69   0.50-0.95
                                Western                                         0.66   0.47-0.94
                                Mid-western                                     0.75   0.55-1.02
                                Far-western                                     1      
  Ethnicity                     Dalit                     7.35         0.253    1.05   0.75-1.48
                                Disadvantaged non-Dalit                         1.02   0.69-1.51
                                Disadvantaged Janajatis                         0.54   0.36-0.81
                                Religious Minority                              0.45   0.24-0.76
                                Advantaged Janajatis                            0.29   0.11-0.75
                                Upper caste                                     0.69   0.50-0.97
                                Other                                           1      
  Number of household members   1-4                       0.38         0.531    0.93   0.73-1.18
                                ≥5                                              1      
  Drinking water meeting MDG    Yes                       0.64         0.424    1.09   0.88-1.36
                                No                                              1      
  Toilet meeting MDG            Yes                       3.22         0.073    0.77   0.58-1.03
                                No                                              1      
  Electricity                   Yes                       0.19         0.661    1.10   0.83-1.35
                                No                                              1      
  Cooking fuel                  Not poor                  2.77         0.104    1.52   0.94-2.48
                                Poor                                            1      
  Assets                        No assets                 0.01         0.943    0.99   0.77-1.27
                                1+                                              1      
  Main floor material           Poor                      5.77         0.061    1.59   1.10-2.33
                                Not poor                                        1      
  Main walls material           Poor                      4.95         0.074    0.51   0.33-0.78
                                Not poor                                        1      
  Main roof material            Poor                      0.72         0.401    0.90   0.70-1.15
                                Not poor                                        1      
  Father's education            Higher                    3.27         0.353    0.85   0.50-1.45
                                Secondary                                       0.79   0.59-1.06
                                Primary                                         0.97   0.75-1.27
                                No education                                    1      
  Mother's education            Higher                    6.34         0.151    0.85   0.50-1.45
                                Secondary                                       0.79   0.59-1.07
                                Primary                                         0.94   0.75-1.27
                                No education                                    1      
  Father's occupation           PTMC                      7.76         0.104    0.53   0.29-0.96
                                S & S                                           0.69   0.38-1.24
                                Agricultural                                    0.81   0.47-1.26
                                S & U Manual                                    0.72   0.41-1.26
                                Unemployed                                      1      
  Mother's occupation           PTMC                      4.57         0.332    2.55   1.11-5.89
                                S & S                                           0.10   0.54-1.84
                                Agricultural                                    1.01   0.74-1.38
                                S & U Manual                                    1.10   0.52-2.25
                                Unemployed                                      1      
  ----------------------------- ------------------------- ------------ -------- ------ -----------

\* Odds Ratio, †% Predicted (Normal %100, wasted %0.4)

Stunting {#s3-0-4}
--------

The results of the binary logistic regression analysis for stunting and normal children are presented in [Table 5](#T5){ref-type="table"}. Six variables were significantly associated with stunting, namely: mother's education, ecological zone, region, ethnicity, toilet and assets. Children whose mothers had higher education were 3.57 times more unlikely of being stunted than children of mothers with no education. Children living in the hills and mountains were 1.30 and 1.42 times, respectively, more probable of being stunted than children living in the Terai. On the other hand, the main regional differences were that children from the Eastern region were about 2.04 times more unlikely of being stunted than children from other regions. Children from the Advantaged Janajatis ethnic group were 2.19 times more probable of being stunted than the other ethnicities. Children of households without assets were 1.33 times more probable of being stunted than others. With all the variables in the model, 72.5% of normal children were correctly predicted and so were 61.5% of stunted children. The overall p value was \<0.001. When the interaction effects between independent variables were examined, the overall effect was not significant. [Table 6](#T6){ref-type="table"} presents the results of analysis of the independent variables, which did not show significant association with stunting.

###### Binary logistic regression analysis of stunting and anaemia by demographic and socio-economic variables (children aged \<5 years, Nepal Demographic and Health Survey 2006)

  -------------------- -------------------- ------------------------- ------- --------- ------ -----------
  Nutritional status   Variables            Analysis †                                         
  Stunting             χ²                   p                         OR\*    95% CI           
                       Mother's education   Higher                    25.88   \<0.001   0.28   0.14-0.57
                                            Secondary                                   0.58   0.46-0.74
                                            Primary                                     0.84   0.69-1.03
                                            No education                                1      
                       Ecological zone      Mountain                  10.14   0.001     1.42   1.11-1.82
                                            Hill                                        1.30   1.08-1.57
                                            Terai                                       1      
                       Region               Eastern                   42.11   \<0.001   0.49   0.38-0.64
                                            Central                                     0.89   0.69-1.15
                                            Western                                     0.93   0.71-1.22
                                            Mid-western                                 0.95   0.74-1.21
                                            Far-western                                 1      
                       Ethnicity            Dalit                     27.62   \<0.001   1.76   1.33-2.33
                                            Disadvantaged non-Dalit                     1.92   1.39-2.68
                                            Disadvantaged Janajatis                     1.65   1.25-2.18
                                            Religious Minority                          1.08   0.68-1.74
                                            Advantaged Janajatis                        2.19   1.45-3.30
                                            Upper caste                                 1.11   0.75-1.66
                                            Other                                       1      
                       Toilet meeting MDG   Yes                       7.84    0.005     0.76   0.62-092
                                            No                                          1      
                       Assets               No assets                 9.42    0.002     1.33   1.11-1.59
                                            1+                                          1      
  Anaemia              Ecological zone      Mountain                  52.25   \<0.001   0.66   0.51-0.83
                                            Hill                                        0.52   0.44-0.62
                                            Terai                                       1      
                       Region               Eastern                   19.65   0.001     0.64   0.50-0.82
                                            Central                                     0.79   0.62-1.00
                                            Western                                     0.98   0.76-1.27
                                            Mid-western                                 0.98   0.78-1.25
                                            Far-western                                 1      
  -------------------- -------------------- ------------------------- ------- --------- ------ -----------

\* Odds Ratio, †% Predicted (Normal %100, wasted %0.4)

###### Binary logistic regression analysis of stunting by demographic and socio-economic variables (children aged \<5 years, Nepal Demographic and Health Survey 2006)

  ----------------------------- -------------- ------------ -------- ------ -----------
  Variable                                     Analysis †                   
  χ²                            p              OR\*         95% CI          
  Father's education            Higher         2.47         0.483    0.78   0.52-1.16
                                Secondary                            0.91   0.74-1.13
                                Primary                              1.02   0.83-1.25
                                No education                         1      
  Father's occupation           PTMC           5.76         0.322    0.59   0.38-0.92
                                S & S                                0.47   0.30-0.73
                                Agricultural                         0.62   0.40-0.94
                                S & U Manual                         0.68   0.44-1.05
                                Unemployed                           1      
  Mother's occupation           PTMC           6.53         0.161    1.13   0.56-2.28
                                S & S                                0.70   0.46-1.10
                                Agricultural                         0.77   0.60-0.98
                                S & U Manual                         0.95   0.58-1.57
                                Unemployed                           1      
  Place of residence            Urban          4.58         0.242    0.73   0.59-0.89
                                Rural                                1      
  Number of household members   1-4            0.63         0.431    0.93   0.79-1.11
                                ≥5                                   1      
  Religion                      Hindu          1.03         0.604    1.23   0.76-1.99
                                Buddhist                             1.33   0.76-2.32
                                Muslim                               1.45   0.86-2.75
                                Other                                1      
  Drinking water meeting MDG    Yes            0.20         0.651    1.04   0.88-1.22
                                No                                   1      
  Electricity                   Yes            0.30         0.583    0.95   0.79-1.14
                                No                                   1      
  Cooking fuel                  Not poor       6.52         0.071    0.63   0.44-0.90
                                Poor                                 1      
  Main floor material           No assets      2.52         0.114    1.23   0.95-1.59
                                1+                                   1      
  Main walls material           Poor           1.59         0.212    0.84   0.63-1.11
                                Not poor                             1      
  Main roof material            Poor           2.76         0.091    1.17   0.97-1.41
                                Not poor                             1      
  ----------------------------- -------------- ------------ -------- ------ -----------

\* Odds Ratio, † % Predicted (Normal %72.5.1, stunted %61.5)

Anaemia {#s3-0-5}
-------

Ecological zone and region were significantly associated with anaemia. Living in the Terai, and Far-western regions were all associated with greater risk of being anaemic ([Table 5](#T5){ref-type="table"}). Also, 72.3% of normal children and 45.9% of anaemic children were correctly predicted. The overall p value was \<0.001. When the interaction effects between independent variables were examined, the overall effect was not significant. [Table 7](#T7){ref-type="table"} presents the results of analysis of the independent variables, which did not show significant association with anaemia.

###### Binary logistic regression analysis of anaemia by demographic and socio-economic variables (children aged \<5 years, Nepal Demographic and Health Survey 2006)

  ----------------------------- ------------------------- ------ -------- ------ -----------
  Variable                      Analysis †                                       
  χ²                            p                         OR\*   95% CI          
  Place of residence            Urban                     5.47   0.08     1.37   1.13-1.65
                                Rural                                     1      
  Ethnicity                     Dalit                     8.26   0.06     1.36   1.05-1.78
                                Disadvantaged non-Dalit                   1.07   0.78-1.46
                                Disadvantaged Janajatis                   1.40   1.08-1.83
                                Religious Minority                        1.35   0.98-1.56
                                Advantaged Janajatis                      1.29   0.83-1.98
                                Upper caste                               1.47   1.15-1.87
                                Other                                     1      
  Religion                      Hindu                     1.26   0.53     1.01   0.64-1.59
                                Buddhist                                  1.20   0.71-2.04
                                Muslim                                    1.32   0.86-2.28
                                Other                                     1      
  Number of household members   1-4                       0.61   0.44     0.94   0.80-1.10
                                ≥5                                        1      
  Drinking water meeting MDG    Yes                       1.61   0.21     0.91   0.78-1.10
                                No                                        1      
  Toilet meeting MDG            Yes                       3.55   0.06     1.20   0.10-1.44
                                No                                        1      
  Electricity                   Yes                       0.05   0.82     0.98   0.82-1.17
                                No                                        1      
  Cooking fuel                  Not poor                  1.76   0.19     1.24   0.90-1.70
                                Poor                                      1      
  Assets                        No assets                 0.67   0.41     0.93   0.78-1.11
                                1+                                        1      
  Main floor material           Poor                      2.26   0.13     1.20   0.95-1.52
                                Not poor                                  1      
  Main walls material           Poor                      1.82   0.17     1.20   0.92-1.57
                                Not poor                                  1      
  Main roof material            Poor                      0.03   0.87     1.02   0.85-1.21
                                Not poor                                  1      
  Father's education            Higher                    0.39   0.943    1.06   0.73-1.52
                                Secondary                                 1.05   0.86-1.30
                                Primary                                   1.01   0.83-1.22
                                No education                              1      
  Mother's education            Higher                    3.03   0.391    1.11   0.64-1.93
                                Secondary                                 1.18   0.94-1.49
                                Primary                                   1.15   0.95-1.40
                                No education                              1      
  Father's occupation           PTMC                      2.75   0.602    1.03   0.66-1.52
                                S & S                                     1.15   0.76-1.75
                                Agricultural                              1.10   0.74-1.62
                                S & U Manual                              0.98   0.66-1.47
                                Unemployed                                1      
  Mother's occupation           PTMC                      6.93   0.071    1.14   0.60-2.17
                                S & S                                     1.23   0.83-1.81
                                Agricultural                              0.84   0.67-1.10
                                S & U Manual                              1.52   0.92-2.51
                                Unemployed                                1      
  ----------------------------- ------------------------- ------ -------- ------ -----------

\* Odds Ratio, † % Predicted (Normal %72.3, anaemic %45.9)

Discussion {#s4}
==========

Undernutrition and anaemia are still public health problems in Nepalese children age \<5 years old. Results from this study imply a long term burden of poor socio-economic and demographic status.

Maternal education was significantly associated with underweight and stunting and children with educated mothers were less likely to be undernourished. Other Nepalese studies have found a strong association between maternal education and children's nutritional status. For example, it has been found that children of mothers with no education were 3.7 times more probable of being stunted than children of mothers who had passed the School Leaving Certificate ([@R24]). Many studies have highlighted the importance of maternal education as a key determinant of children's growth and nutritional status ([@R25]).

The influence of mother's education on child's nutritional status might be due to the fact that educated mothers not only invest in their children's food ingredients, but also in their health and education. Additionally, they may be more likely to realise when their children are ill and seek health care earlier ([@R26]).

Children living in the Terai were more likely to be underweight and wasted while children from the mountain zones were more probable of being stunted. These findings are in agreement with WHO reports which show a higher prevalence of childhood chronic undernutrition in those living in the mountains ([@R27]). The high prevalence of undernutrition in the mountains might be explained by the harsh terrain, difficult transportation, remoteness and lack of communication and health facilities in this zone. Also, mountains are economically less developed in comparison with hills and Terai. For example, the per capita income and share in national income are lowest in the mountains and highest in the Terai ([@R28]).

Western districts are less developed than Eastern regions with regards to their economic infrastructure, job market and transportation. Also, they have less favourable natural factors needed for productive farming such as the quality of farming soil, the amount of rainfall and duration of crop growing season ([@R29]). This pattern has been seen in other reports including the 2009 UN World Food Program report from Nepal ([@R28]).

Children from the Terai and western region were more anaemic as compared with children living in the hills and mountains. Also, lower consumption of iron-rich foods has been reported in the Western region ([@R12]). It should be noted that in the current report the haemoglobin concentration has been adjusted with altitude.

Muslim children were significantly more underweight and wasted than children from other religions. These findings are in agreement with other studies, e.g. a report from India showing that the rate of undernutrition in Christian children is less than Muslim and Hindu children ([@R30]).

This study showed that stunting and underweight had significant association with ethnicity of children, and especially, compared with other ethnicities, children of Dalit and Advantaged Janajatis showed higher rates of underweight and stunting, respectively. In agreement with the current study, Sapkota and Gurung reported that ethnicity was one of the determinants of child's stunting in disadvantaged ethnic group in Nepal ([@R31]).

The general finding was that households with a poorer standard of living also tend to have worse child nutritional status. This improvement of children's nutritional status with access to a sanitary latrine is in agreement with reports from other countries in South Asia ([@R32]), South America ([@R33]), and South and Central Africa ([@R34]) and could be primarily attributed to the household wealth and the decreased incidence of water-borne diseases, leading particularly to diarrhoea ([@R35]).

It was observed that the risk of a child being underweight and stunted was 1.28 and 1.33 times greater, respectively, in households who had no assets compared with households who had one or more assets. Similar results have been reported from other countries including India ([@R36]) and Bangladesh, which have shown that ownership of assets was associated with lower risk of severe or moderate stunting in children under five years old ([@R37]).

With regards to household construction materials, children living in households with poorer main floor material were more underweight than others living in not poor condition. Depending on their wealth, Nepalese families use local materials for construction of their houses ([@R38]).

According to the UNICEF conceptual framework of the causes of children\'s undernutrition, inadequate intake of nutrients (both quality and quantity) and disease are the two most important causes of undernutrition, which are further compromised by poor access to food, water, sanitation and health services. These causes are commonly referred to as food, care and health, which at the household level, are affected by basic factors such as income, maternal education, and other socio-economic and demographic factors ([@R39]). Therefore, evaluation of the relationship of socio-economic and demographic factors with children's nutritional abnormalities and anaemia is necessary in order to understand the underlying causes of these problems in Nepal.

It should be noted that in children, wasting is the result of acute undernutrition, while stunting is the result of chronic undernutrition and underweight is the result of both acute and chronic undernutrition. The first 1000 days of life is the time when there is a high risk for development of stunting, which continues in childhood ([@R40]). Therefore, it is to be expected that wasting would show a weaker association with socio-economic factors than underweight and that stunting would show stronger associations with these variables. This is the case in the current study.

It should be noted that there are hypotheses that link the household development over time to the risks of under-nutrition ([@R41]). However, in this study, it should be taken into consideration that there are limits on the extent of causal inference that can be made from this report. High internal validity depends on the design of the research, implementation, analysis of trial and data collection with minimal bias. Since, this was a cross-sectional study using a standardised questionnaire which did not cover all aspects of nutrition, and exposure and outcome were measured at the same time, it was not possible to prove that the exposure variables were responsible for the outcome variables. Also, in spite of having a large sample size, when the result appeared significant, they only explained a small amount of the variance as the value of effect size was small.

Conclusion {#s5}
==========

The overall priority for nutritional health policy in Nepal should be reduction of undernutrition, as it profoundly affects children's health and development and as the high prevalence of stunting indicates that it is a long term problem. Geographical distribution of families should be considered for implementation of nutritional policies. In Nepal, special attention should be paid to the mountain zones especially in the Mid- and Far-western regions. Also, ethnicity, as one of the determinants of child nutritional status, should be considered. Maternal education should be targeted by authorities in Nepal in order to reduce children's undernutrition. As one of the causes of anaemia in Nepal is iron deficiency anaemia, the national iron supplementation program should be strongly continued with full coverage of high risk groups (children less than five years old).
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